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ment and its participation in the regulation of tbx5 and
potentially other genetic pathways.
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Platelets are small anucleate cells essential for maintaining
vascular integrity after tissue injury. Unipotential megakaryo-
cyte progenitors produce thousands of mature discoid platelets.
In the adult, megakaryocyte progenitors are thought to arise from
bipotential megakaryocyte/erythroid progenitors (MEP), how-
ever, little is known about the developmental origin of the
megakaryocyte lineage. We previously determined primitive
and definitive erythroid lineages emerge during gastrulation
from hemangioblast precursors. Our data show that the
megakaryocyte lineage arises from hemangioblast precursors
shortly after the onset of gastrulation. Two waves of megakar-
yocyte progenitors form in the yolk sac, each associated with
previously unrecognized yolk sac bipotential-MEP. Primitive-
MEP first emerge at E7.0 followed by definitive-MEP beginning
at E8.25. Megakaryocytes progenitors and definitive-MEP are
subsequently found in the newly formed circulation and fetal
liver. Megakaryocyte cells were evident in the yolk sac
beginning at E9.5, while circulating platelets were detected in
the embryonic bloodstream, as early as E10.5. These platelets
are morphologically distinct from adult platelets by size, shape
and degree of reticulation. Our studies indicate that commitment
to the megakaryocyte lineage occurs during gastrulation and that
the megakaryocyte lineage is closely associated with erythroid
lineages throughout ontogeny.
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Recently, the paradigm of mammalian embryonic hemato-
poiesis has been significantly challenged. Early observations of
red blood cell (RBC) ontogeny led to a two-wave model of
hematopoiesis. First, a transient wave of ‘‘primitive’’ large
nucleated erythroblasts, reminiscent of non-mammalian RBCs,
arises from yolk sac extra-embryonic mesoderm at embryonic
day 8 (E8) in the mouse. Second, smaller enucleated ‘‘defini-
tive’’ RBCs enter the blood-stream from the fetal liver beginning
at E12.5 and postnatally from the adult bone marrow. It was
assumed that definitive hematopoiesis derives solely from
transplantable hematopoietic stem cells (HSCs) with full
myeloid and lymphoid potential that arise within the embryo
at E10.5. We have found that primitive erythropoiesis shares
characteristics reminiscent of definitive hematopoiesis, includ-
ing the production of enucleated RBCs and an association with
other lineages. Even more intriguing, yolk sac mesoderm creates
a wave of definitive hematopoietic precursors before the
emergence of HSC that contains erythroid, megakaryocyte,
and several myeloid lineages. However, it is not yet known if this
extra-embryonic definitive wave contains all myeloid lineages
or possibly even lymphoid fates. We hypothesize that the
provision by the yolk sac of a bolus of primitive red blood cells
as well as short-term engrafting definitive hematopoietic
precursors sustain embryonic survival and growth until emerg-
ing HSCs can generate mature hematopoietic progeny.
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Sonic Hedgehog (Shh), expressed at the posterior limb bud
margin, regulates both digit number and anterior–posterior
(AP) pattern. Experimentally, increasing Shh doses lead to
formation of progressively more posterior digit types. There
are several models addressing the mechanism of digit
patterning by Shh, including the classic spatial morphogen
gradient model and a more recent expansion-based temporal
Shh gradient model, which both propose that the highest
cumulative levels of Shh signaling (either concentration or
over time) specify the most posterior-type digit identity.
However, other recent work indicates that posterior cells
become refractory in response to Shh signals over time. We
have used a tamoxifen-dependent, Cre-ER transgene expressed
in limb mesoderm together with a Shh conditional (floxed)
null allele to determine the temporal sensitivity of digits to
loss of Shh signaling. Unexpectedly, the observed order of
digit loss following recombination at different times (3, 5, 2,
4) does not fit well with any of the current models. Moreover,
at time points where more than one digit still forms, the
remaining digits are normal morphologically. Expression of an
early condensation marker suggests that the observed order of
digit loss reflects the order of normal digit condensation
formation. Taken together, these data suggest that Shh
regulates digit identity and pattern only very early and
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